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ABSTRACT: 

PROBLEM TO BE SOLVED: To improve the coupling efficiency of an optical 
coupler for multiplexing signal light and exciting light and to enhance its 
amplification rate in order to amplify the signal light and exciting light by 
an erbium-doped fiber. 

SOLUTION: A signal light side lens 14 is arranged apart a prescribed spacing 
in front of an optical waveguide 13 for the signal light to propagate the 
signal light with a single mode to constitute a signal light side collimator 
15. An output side lens 17 is arranged apart a prescribed spacing in front of 
an optical waveguide 18 for output for propagating the signal light and the 
exciting light with the single mode to constitute an output side collimator 19. 
The signal light side collimator 15 and the output side collimator 19 are 
coupled at a prescribed distance via an optical multiplexing element 16. The 
exciting light side collimator 22 and the output side collimator 19 are coupled 
at the prescribed distance via this optical multiplexing element 16. The 
signal light and the exciting light are multiplexed and outputted by spacing 
coupling of the exciting light without using the optical waveguide or using the 
optimized lens, etc. 

COPYRIGHT: (C)1997,JPO 



06/08/2004, EAST Version: 1.4.1 



http : //www4 . ipdl j po. go.j p/cgi-bin/tran_web_cgi_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical coupling machine of the multiplexing part in an optical fiber 

amplifying device. 

[0002] 

[Description of the Prior Art] Drawing J 6 shows the configuration of the conventional erbium dope fiber (it is hereafter 
written as EDF.) light amplifier. Signal light with a wavelength of 1.55 micrometers comes from the signal input fiber 1, the 
multiplexing machine 2 is penetrated, and it goes into the fiber 3 for the EDF connection. From the LD module 4 for 
excitation, high power light with a wavelength of 0.98 micrometers passes along the fiber 5 for 0.98 micrometer, reflects 
with a multiplexing filter, and goes into the fiber 3 for the EDF connection. 

[0003] In EDF6, an erbium atom is excited by 0.98-micrometer optical power, induced emission happens, and the signal 
light which is 1.55 micrometers is amplified and outputted by 1.5 5 -micrometer input signal light. Output light spreads with 
the signal output fiber 7. Moreover, the above-mentioned fiber is being connected by the connector connection 8 and the 
welding connection 9. 

[0004] Drawing 17 is the explanatory view of the conventional multiplexing part, and is for explaining in detail the field 
(multiplexing part) shown as A of drawing 16 . Space association of the signal input fiber 1 and the fiber 3 for the EDF 
connection is carried out with a collimator 10 and a collimator 1 1 , and space connection of the fiber 5 for 0.98 micrometer 
for excitation optical transmissions and the fiber 3 for the EDF connection is made with the collimator 12 and the collimator 
11. 

[0005] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned configuration, since optical joint 
effectiveness was not good, signal light and excitation light declined and there was a problem that the part amplification 
degree would be stopped. 
[0006] 

[Means for Solving the Problem] In the optical coupling machine which has the optical multiplexing component this 
invention inputs [ component ] the signal light of predetermined wavelength, and the excitation light of predetermined 
wavelength, and it multiplexs [ component ], and outputs the signal light and excitation light it multiplexed [ light ] by the 
optical waveguide for an output Set predetermined spacing ahead [ of the optical waveguide for signal light which makes 
signal light spread by the single mode ], arrange a signal light side lens, and it considers as a signal light side collimator. Set 
predetermined spacing ahead [ of the optical waveguide for an output which makes signal light and excitation light spread by 
the single mode ], arrange an output side lens, and it considers as an output side collimator. An aforementioned signal light 
side collimator and an aforementioned output side collimator are combined in a predetermined distance through an optical 
multiplexing component. It is characterized by multiplexing and outputting signal light and excitation light combining an 
excitation light side collimator and an output side collimator in a predetermined distance through the optical multiplexing 
component, and carrying out space association of the excitation light, by using the lens which optimized for this 
configuration, etc. 
[0007] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained using drawing below. 

The gestalt of gestalt book implementation of the 1st operation removes the fiber for connection from LD for excitation to a 
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multiplexing machine, considers LD for excitation, and the output side fiber for the EDF connection as space association, 
and is characterized by using the lens designed so that it might moreover become high joint effectiveness. 
[0008] Drawmg 1 is the block diagram showing the gestalt of the 1st operation. 13 shows the fiber which is the optical 
waveguide for signal light, has become a single mode fiber (SMF) to 1.55-micrometer signal light, it arranges the signal 
light side lens 14 ahead [ this ], considers as the signal light side collimator 15, and is combined with the output side 
collimator 19 which changes with the output side lens 17 and a fiber 18 through the optical multiplexing components 16, 
such as a multiplexing/demultiplexing (WDM) filter. The fiber 1 8 which is the output side optical waveguide is for 
connecting with EDF which does not illustrate, and serves as a single mode to light (1.55 micrometers and 0.98 
micrometers). 

[0009] Fiber 13 comrade's lens for association is used for a lens 14 (the existing thing may be used.). A lens 17 uses what 
was designed so that a fiber 13 and a fiber 1 8 might join together best. 20 is LD for excitation which is the light source, and 
it arranges the excitation light side lens 21 ahead [ this ], and considers as the excitation light side collimator 22, and it is 
made to combine with a collimator 19. 

[0010] A lens 21 uses what was designed so that it might combine with a collimator 19 best. Drawing 2 is the explanatory 
view of behavior of a signal light side collimator part and a beam, and shows the behavior of collimator 15 part and a beam 
which consists of a fiber 13 and a lens 14. A V value [ as opposed to core radius al =3.86micrometer and the wavelength of 
1.55 micrometers in a fiber 13 ]: It is V= 1.62 and mode radius wl =6.15micrometer, and the angle of divergence of 
outgoing radiation light is thetael=4.59 degree (l/e2 value half width). 

[001 1] As an example, the lens 14 used here is a refractive index n= 1.86926 to the wavelength of 1.55 micrometers. The 
field by the side of vertical flat-surface and outgoing radiation light of the field by the side of the fiber 13 of this lens 14 is 
the radius-of-curvature rl2=2200micrometer spherical surface, and thickness is 1360 micrometers. Drawmg 3 is the 
explanatory view of association with the Gaussian beam of an output side collimator part, and shows the situation of a 
Gaussian beam with a wavelength of 1 .55 micrometers which carries out incidence to collimator 1 9 part which consists of a 
fiber 18 and a lens 17. Fibers 18 are V value:V2 =1.30 to core radius a2 =2.10micrometer and the wavelength of 1.55 
micrometers, and mode radius w2 =4.90micrometer, and the angle of divergence of outgoing radiation light is thetae2=5.75 
degree (1 / e binary half width). 

[0012] As an example, the lens 17 used here is a refractive index n= 1.86926 to the wavelength of 1.55 micrometers. The 
field by the side of a vertical flat surface and space set the field by the side of the fiber 18 of this lens 17 to the 
radius-of-curvature r21=1750micrometer spherical surface and thickness t2 =1080micrometer. If incidence of the Gaussian 
beam which has the waist with a half width of 191 micrometers in the location of 25000 micrometers from the field by the 
side of the space of a lens 17 is carried out, it is coupled optimally by distance d2 =1443micrometer of the field by the side 
of the fiber 1 8 of a lens 1 7, and the end face of a fiber 1 8. 

[0013] Drawing 4 is the explanatory view of behavior of an output side collimator part and the beam for excitation, and 
shows behavior of the beam at the time of inputting light with a wavelength of 0.98 micrometers into a fiber 1 8 from the 
right-hand side of drawing temporarily in the collimator 19. It becomes V value: V2 -2.06 of a fiber 18, mode radius 
w2 -2.60micrometer, and outgoing radiation angle (l/e2 value half width) thetae2 -6.84 degree to light with a wavelength of 
0.98 micrometers. 

[0014] Moreover, the refractive index of a lens 17 is set to n-1. 88445. At this time, the beam which has the waist with a 
width of face of 1 12.5 micrometers (l/e2 value half width) in the location of 76000 micrometers arises from the field by the 
side of the space of a lens 1 7. Beam width with a location of 40000 micrometers is set to 1 50 micrometers (l/e2 value half 
width). Drawing 5 is the explanatory view of association of an excitation light side collimator and an output side collimator, 
and it shows the condition of having arranged LD20 for excitation, the lens 21, the lens 17, and the fiber 18 in the shape of a 
straight line so that spacing of a lens 17 and a lens 21 may be set to 40000 micrometers. The lens 21 used here is a refractive 
index n= 1 .88445 to the wavelength of 0.98 micrometers. It may be angle-of-divergence (l/e2 value half width) thetae3=25 
degree of the outgoing radiation light of LD20. Thickness of a lens 21 was set to 284 micrometers. 

[0015] As a field configuration of a lens 21, two examples, #1 and #2, are shown below. Drawmg 6 is the explanatory view 
(#1) showing an excitation light side lens configuration and numeric data, and the lens 21 (#1) in this case is the curved 
surface which made the spherical surface the field by the side of LD20, and optimized the field by the side of space to the 
term the 6th power. Drawing 7 is the explanatory view (#2) showing the lens configuration and numeric data of LD for 
excitation, and the lens 21 (#2) in this case is the curved surface which optimized the LD20 and space side in the range of a 
secondary curve. 
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[0016] In drawing 6 and drawing 7 , in curvature (mm-1) and K, an aspheric surface multiplier and A show a term the 4th 
power, and B shows [ C ] the term the 6th power. Joint effectiveness serves as max at the time of distance d3 
=196.5micrometer by the side of the end face of LD20, and LD20 of a lens 21. In addition, the general formula of a lens side 
is as being shown in the following several 1. 
[0017] 
[Equation 1 ] 

C u h 2 , 
II U- (K u + 1) C n a h 2 } 
h=root (x2+y2) 

Association with the Gaussian beam which has the waist with a half width of 1 12.5 micrometers in the location of -36000 
micrometers from the field by the side of the space of a lens 21 becomes 90% when there is no echo in a lens side. 
[001 8] According to the gestalt of this operation, a fiber 13 and a fiber 1 8 As mentioned above, the lens 14, When it was 
made for LD20 for excitation and a fiber 1 8 to be coupled optimally on the wavelength of 0.98 micrometers with the lens 21 
and lens 17 which were especially coupled optimally on the wavelength of 1.55 micrometers with the lens 17 designed 
especially, and were designed There is also little loss of 1.5 5 -micrometer signal light, and there is also little loss of 
0.98-micrometer excitation light, and the optical coupling machine which can be inputted into EDF can be realized. 
[0019] By having carried out space association, without using a connection fiber for from LD20 for excitation before the 
optical multiplexing component 16 especially, while loss of excitation light decreases, an optical coupling machine can be 
miniaturized. 

Especially the gestalt of gestalt book implementation of the 2nd operation is characterized by carrying out efficient 
association of signal light and the excitation light using the designed lens system. 

[0020] Drawing 8 is the block diagram showing the gestalt of this operation. In drawing, it is the fiber which is the optical 
waveguide for signal light, and 23 is a single mode fiber (SMF) about light with a wavelength of 1.55 micrometers, it 
arranges the signal light side lens 24 ahead of this fiber 23, and is taken as the signal light side collimator 25. The fiber 26 
which is the optical waveguide for an output is for connecting with EDF which does not illustrate, and serves as SMF about 
light (1.55 micrometers and 0.98 micrometers). The output side collimator 28 consists of this fiber 26 and an output side 
lens 27. The excitation light side fiber 29 is for inputting excitation light, and constitutes the excitation light side collimator 
3 1 from an excitation light side lens 30. 

[0021] 32 is optical multiplexing components, such as an interference filter, it combines a collimator 25 and a collimator 28 
on the wavelength of 1.55 micrometers, and combines a collimator 31 and a collimator 28 on the wavelength of 0.98 
micrometers, and the light of the wavelength of 1.55 micrometers and 0.98-micrometer both spreads it on a fiber 26. Here, 
as an example, a lens side configuration and especially the distance between fiber lenses are designed, and it is indicated that 
the lens end-to-end dimension of 27.5mm, a collimator 31, and a collimator 28 is coupled optimally by the lens end-to-end 
dimension of a collimator 25 and a collimator 28 by 27.5mm. 

[0022] Drawing 9 is the mode radius w of the fibers 23, 26, and 29 which are the explanatory views of the property of a 
fiber and are used for (a) of this drawing 9 , and outgoing radiation angle thetae. It was shown. The definition of a fiber 
property is shown in (b) of drawing 9 . In drawing 10 , structural drawing of a signal light side lens and drawing 1 1 show 
structural drawing of an output side lens, and drawing 12 shows structural drawing of an excitation light side lens, 
respectively. 

[0023] The configuration and shape parameter of a lens are shown in these drawing 10 , drawing 1 1 , and drawing 12 . In 

addition, the notation in these drawings is used in the sense of a degree. 

Cij: Main curvature (a negative value expresses a convex to the right of drawing.) 

i : lens number 

j : field number (the left-hand side of drawing is 1 and right-hand side is 2) 

Kij: The general formula of the configuration of an aspheric surface multiplier lens side is as being shown in the following 
several 2. 
[0024] 
[Equation 2] 
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h=root (x2+y2) 

x In addition, y: It is the vertical coordinate z to the optical axis of a lens side. : It considered as the coordinate of the 
direction of an optical axis of a lens side. 

[0025] Next, the method of producing an optical coupling machine is explained. It is the explanatory view of signal light side 
collimator production, and as shown in this drawing, first, the same collimating system to which both sides change from a 
fiber 23 and a lens 24 is made to counter, and as for drawing 1 3 , both collimators adjust spacing of a fiber 23 and a lens 24 
so that it may become optimum coupling on the wavelength of 1.55 micrometers as a distance between lenses of 32mm. 
[0026] By the thickness (1.36mm) of the lens 24 used here, on count, when spacing of a fiber 23 and a lens 24 is 1819 
micrometers, it becomes optimum coupling. Thus, let the made collimator be a collimator 25. It is the explanatory view of 
output side collimator production, and as shown in this drawing, the same collimating system to which both sides change 
from a fiber 26 and a lens 27 is made to counter, and it considers as the distance between lenses of 23mm, and as for 
drawing 14 , both collimators adjust spacing of a fiber 26 and a lens 27 so that it may become optimum coupling on the 
wavelength of 1.55 micrometers. 

[0027] By the thickness (1.08mm) of the lens 27 used here, on count, when spacing of a fiber 26 and a lens 27 is 1443 
micrometers, it becomes optimum coupling. Thus, let the made collimator be a collimator 28. Drawing 1 5 is the explanatory 
view of excitation light side collimator production, and as shown in this drawing, it makes the collimator 28 which consists 
of the fiber 26 and lens 27 which were completed like ****, and the collimator which consists of a fiber 29 and a lens 30 
counter in the distance between lenses of 27.5mm, and it adjusts spacing of a lens 30 and a fiber 29 so that association may 
become max on the wavelength of 0.98 micrometers. 

[0028] By the thickness (1.08mm) of the lens 30 used here, on count, when spacing of a fiber 29 and a lens 30 is 928 
micrometers, association becomes max. Thus, let the collimator of the made fiber 29 and a lens 30 be a collimator 3 1 . The 
collimator 25 which carried out like drawing 13 and was made into the last, and the collimator 28 which carried out like 
drawing 14 and was made are made to counter in the distance between lenses of 27.5mm through the optical multiplexing 
components 32, such as an interference filter, like drawing 8 , and joint adjustment is carried out on the wavelength of 1.55 
micrometers, and it fixes. 

[0029] And it carries out like drawing 15 , and to a collimator 28, it is made to counter in the distance between lenses of 
27.5mm through the optical multiplexing component 32 like drawing 8 , joint adjustment is carried out on the wavelength of 
0.98 micrometers, the made collimator 31 is fixed, and an optical coupling machine is constituted. According to the gestalt 
of this operation, as mentioned above with the lens 24 and lens 27 which were designed especially It is best combined in the 
distance to which the fiber 23 and the fiber 26 were given, and, moreover, with the lens 30 designed especially By making it 
best combined in the distance to which the fiber 29 and the fiber 26 were given, and arranging optical multiplexing 
components, such as an interference filter, to joint space The optical coupling machine of the high performance which makes 
both signal light with a wavelength of 1 . 5 5 micrometers and excitation light with a wavelength of 0. 98 micrometers combine 
with a fiber 26 by low loss is realizable. 
[0030] 

[Effect of the Invention] As explained to the detail above, by having raised the joint effectiveness of the optical coupling 
machine which multiplexs signal light and excitation light, signal light and excitation light will carry out incidence to an 
erbium dope optical fiber by low loss, and have the effectiveness of raising the amplification factor of signal light. 
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